populations like Italy where it was Þ rst described and reports are emerging from other European, American and Asian populations implicating ARVC to be a major cause of sudden death in young individuals. [2] [3] [4] [5] However, the scenario in the Indian context is obscure. Mutations in the above mentioned genes have been discovered in various populations across the world but the status regarding the genetic etiology in Indian population is unknown.
In this study we included individuals belonging to three families and performed Two-point Linkage analysis for ARVC-5, ARVC-6 and ARVC-8 on three families using microsatellite markers at those loci in order to implicate or exclude TMEM43, DSP and the yet to be identiÞ ed gene at ARVC-6 locus in the pathogenesis in these families.
Materials and Methods
The present study included three families consisting of 42 affected/unaffected members and these families were approached after the probands were conÞ rmed with ARVC according to standardized diagnostic criteria. [6] Clearance from the Ethics Committee was obtained for the present study and blood samples, clinical and familial information were collected after informed consent from all the participating individuals. The source of these patients was from Care Hospitals, Hyderabad, India.
About 5 ml of whole blood was collected from the subjects and DNA isolation was carried out by rapid salting-out DNA isolation protocol. [7] Polymerase Chain Reaction (PCR) was carried out to amplify the three micro-satellite markers (D3S3613, D10S1664, and D6S309) in the vicinity of the loci for ARVC-5, 6 and 8 respectively. Primer sequences were obtained from Genome Databank (www.gdb.org). Non-denaturing Polyacrylamide Gel Electrophoresis (PAGE) was used for genotyping the microsatellite markers and the bands were visualized by silver staining. [8] Parametric method of likelihood maximization of classical LOD score analysis was used for linkage analysis. Two-point linkage analysis was performed on a personal computer using LINKAGE program version 5.2. [9] The programs used for two-point linkage analysis
were MAKEPED, UNKNOWN and MLINK that were evoked sequentially. The allele frequency of the ARVC locus of normal and mutated sequence was assumed to be 0.9999 and 0.0001 respectively and autosomal dominant mode of inheritance was assumed, since this type of inheritance is well established in isolated form of ARVC. [9] One liability class viz., penetrance was included and the value was set at 95%. [10] Single stranded conformation polymorphism (SSCP) technique was followed for screening 5'-UTRs and 3'UTRs of TGFβ-3, FKBP-12.6 binding domain coding exons of RYR-2 and all the coding exons of PKP-2, DSC-2 and JUP in these three families, to rule out mutations in them.
Results

Clinical characteristics of families
Pedigrees of the three families are given in Figure These were considered as being probably affected in the linkage analysis, as there have been reports for the need to broaden the diagnostic criteria in the affected relatives. [11] Linkage analysis
Genotyping of the microsatellite markers has revealed the presence of 10 alleles for ARVC-5 marker D3S3613
and seven alleles for ARVC-6 marker D101664 and seven alleles for marker D6S309 of ARVC-8. The distribution of these alleles in the population was considered to be 1/n (n is equal to number of alleles). Table 2 .
Mutation screening
SSCP analysis followed by direct sequencing of In the third family (Pedigree: REV), both the mother and daughter of the proband showed signs of ARVC, but did not meet all the diagnostic criteria required for conÞ rmed diagnosis. These were included in the linkage analysis based on the reports of the need for broadening the diagnostic criteria for relatives of the proband as they may show subtle symptoms without any reduction in risk of sudden death. [11] Linkage analysis has shown positive LOD score for ARVC-6 (0.569591) in this family.
As mentioned earlier, other genes were screened for mutations, but no patient speciÞ c variations could be identiÞ ed.
Therefore, linkage analysis carried out in the present study indicates that ARVC-6 (cumulative LOD score is equal to plus1.203376 at θ is equal to 0.05) could be the locus harboring the mutated gene in two out of three families.
Among the genes located in the region 10p12-p14, functional candidate gene approach would implicate gene Nebulette (NEBL) at 10p12 that could be involved in the pathogenesis. The cardiac isoform of this protein is known to be involved in the myoÞ bril organization and function and particularly in stabilization of cardiac Z-line. [12] Apart from playing a sarcomeric role, NEBL is also known to have been expressed during early cardiac development playing a role in myoÞ brillognesis. The isoform of this protein named LIM-Nebulette is known to interact with the versatile component of focal adhesion of eukaryotic cells called Zyxin. [13] The relation of focal adhesion complexes with desmosomal components, which are major pathological sites for ARVC, and the role of Zynix and LIM-Nebulette in cross talk with desmosomal function and regulation would help us understand the role of NEBL in pathogenesis of ARVD/C. Therefore NEBL is a very good candidate that could be harboring mutations in these families.
One of the L-type voltage gated Calcium channels called CACNB2, with β-subunit being coded by the gene at 10p12, i.e., at the ARVD/C-6 locus has already been implicated for inherited cardiac arrhythmic syndrome called Brugada syndrome. [14] Therefore this gene could also be a candidate gene for ARVD/C as the function of this gene is homologous to that of RYR-2 (ARVD/C-2).
In conclusion, we have excluded the involvement of ARVC-5 and ARVC-8 in the pathogenesis of ARVC in the three families included in the present study, and according to our knowledge this is the Þ rst genetic study from India.
